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The NASA STI Program Office . . . in Profile
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science. The NASA Scientific and Technical
Information (STI) Program Office plays a key part
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The NASA STI Program Office is operated by
Langley Research Center, the Lead Center for
NASA's scientific and technical information. The
NASA STI Program Office provides access to the
NASA STI Database, the largest collection of
aeronautical and space science STI in the world.
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NASA programs and include extensive data
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length and extent of graphic presentations.
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1.0 Introduction

This manual for the OS/2 versions of the CFD Seal Analysis Industrial Codes describes
the installation procedure (Section 2), the system executive (Section 3), and the
procedures for using the graphical user interface to run the industrial codes (Section 4).
Please consult the technical manuals for the individual codes for technical details.

The following components are included in the package:

Executive Shell (EXEC)

Gas Lubricated Spiral Groove Cylindrical and Face Seals (SPIRALG)
Incompressible Spiral Groove Cylindrical and Face Seals (SPIRALI)
Spiral Groove Face Seal Optimization Program (FACE)

Gas Lubricated Cylindrical Seals (GCYL)

Gas Lubricated Face Seals (GFACE)

Incompressible Cylindrical Seals (ICYL)

Incompressible Face Seals (IFACE)

Labyrinth Seals (KTK)

Seal Dynamics Analysis Code for Cylindrical and Face Seals (SEALDY)
User Interface for Scientific Code (SCISEAL)

Fluid Properties Calculation Program (FLUID)

Plotting Program used by GCYL, GFACE, and ICYL (PLOT4DPM)
Plotting Program used by Dynamics code (XYPLOT)

1 Iy 0y Iy Iy O

The codes are designed for access through the system executive. However, the user
interface and the analytical codes are provided as separate executable files. You may
prepare the input files for the analytical codes manually using a text editor and use the
codes without going through the user interface. The instructions for using the codes in
this manner are included in the technical manuals for the individual codes.
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2.0 Installation Procedures

2.1 System requirements

The CFD industrial codes require OS/2 Version 2.0 or later installed on a PC. The
analysis codes are fairly large. To get acceptable performance, a minimum of 8 MB of
RAM is recommended. Intel 80386 or 804865X based machines must have a math
COprocessor.

The Browse Utility used to browse and print output files assumes that the printer is
connected to the LPT1 port. The plotting program PLOT4DPM will print on any
printer specified as the default Printer on the OS/2 Desktop.

2.2 Installation Procedure

To install the industrial codes:

O Insert Disc 1 in the floppy drive.

O If you are working in an OS/2 window or full screen session, make the
floppy drive the default drive and type install to run the installation
program. From the OS/2 desktop, open the floppy drive icon in icon view.
Double-click on the install.exe icon to start the installation program. The
main window of the program is a notebook with three pages as shown in
Figure 1.

0 Select the source and destination drives on the Options page.

O  Go to the Install page shown in Figure 2 and click on the Install button to
begin installation.

U Insert the appropriate disc in the drive when prompted to do so.

0 The installation program will terminate automatically when the installation
is complete.

The installation program creates an icon labeled "CFD Industrial Codes" on the desktop

as shown in Figure 3. Double-click the left mouse button on this icon to start the system
executive.

The installation program has been tested on several machines. Limitations of the
installation program are as follows:

U The floppy drive used for installation must be either drive A or B.

NASA/CR—2003-212358 2



O The destination drives are all installed logical drives starting with drive C.
This includes floppy or CD-ROM drives which are not valid destination
drives. The program currently only checks for the drives installed on the
system but not for the types of drives. Itis upto you to select a valid
destination drive.

O If you press F1 to get help while the copy operation is in progress, the help
window will not appear until the disc has been copied.

If this version of the installation program does not work on your machine, use the older
installation program Inst16.exe that is also included on Disc 1.

2.3 Modifications to the OS/2 CONFIG.SYS File

Add "\CFD;" to the "SET HELP ="line. If this is not done, the plotting programs may

give a message saying "Help not Available" when they are invoked from the executive.
Most programs will work without this modification.
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3.0 System Executive

The CFD Executive Program integrates all components of the CFD industrial codes
package. The individual codes are accessed through the executive. In addition, the
executive provides utility functions such as browsing and printing output files created
by the analysis programs, and plotting the data output by some of the industrial codes.

3.1 Using the Executive

The executive is started by double-clicking on the "CFD Industrial Codes" icon on the
OS/2 desktop. The main screen is shown in Figure 4. There is a button for each of the
seal categories for which codes are available. The codes currently being delivered are in
the "Bushing and Ring Seals" (Figure 5), "Face Seals" (Figure 6), and "Other Seal
Programs" (Figure 7) categories. The individual codes are accessed by first clicking on
the appropriate seal category to bring up the menu of individual codes in that category,
and then clicking on a button to execute the desired code.

3.2 Description of Menus

You can exit the executive by double-clicking on the system menu icon or by pressing
the Alt-F4 key combination.

The File menu provides facilities to browse, print, and delete data files generated by the
analysis codes. Figure 8 shows the File Selection Dialog used by all the programs to
specify names of files. The files in the current directory and, when appropriate, the
names of subdirectories are listed in a listbox. To select a file name, you have to double
click on a name in the file list box to select the file and then press the ACCEPT button.
You can switch directories for which the files are listed in the file list box by double
clicking on the directory name. When selecting a file to browse or an input data file to
read, you may only select a file listed in the listbox. When specifying the name of a file
to be saved on disc, you may enter a name in the file name field or select a name listed
in the listbox. If the file you specify already exists, you will be asked to confirm that
you want to replace the existing file.

When the Browse File menu item is selected, the file selection dialog is displayed for
you to select the name of the output file to browse. It is your responsibility to ensure
that the file you select is an ASCII file. The file you select is then displayed in the
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Browse Dialog as shown in Figure 9. You can print the file being browsed by pressing
the Print button.

When the Print File menu item is selected, the file selection dialog is displayed for you
to select the name of the file to print. It is your responsibility to ensure that the file you

select is an ASCII file. The file is then printed on the printer connected to the LPT1 port
on the computer.

When the Delete Input Files menu item is selected, the file selection dialog is displayed
for you to select the input file to be deleted. For example, you would select the
\CFD\INPUT\SPIRALGEF directory to display the list of input files for the Gas
Lubricated Spiral Groove Face Seals program.

When the Delete Output Files menu item is selected, the file selection dialog is
displayed for you to select the output file or files to be deleted. Many analysis codes
generate several output files with the same name but different extensions. By selecting
just one of the files, all files for a particular case can be deleted at once. For example,
you would select the \CFD\OUTPUT\SPIRALGEF directory to display the list of
output files for the Gas Lubricated Spiral Groove Face Seals program. When an output
file is selected for deletion, you are given the option of deleting only the selected file or
all files with the selected file name and any extension.

The Help menu provides access to the online help. Context-sensitive help can also be
accessed by pressing the F1 key or a Help button if one is available.

NASA/CR—2003-212358 5



4.0 Using the Industrial Codes

All the codes included in this package use a consistent user interface. The menu items
available, procedures for using the codes, data entry procedures, etc. are the same for
each code. The primary difference between the codes is in the content of input screens

used by the different programs. This section describes the various user interface
elements used by the codes.

4.1 General Procedures

The File menu is used to save input data in a file and read data from a previously saved
input file. Figure 10 shows the file menu selections available for each of the industrial
codes. The CFD file selection dialog is displayed for you to specify the name of the
input data file to be read or saved. Once the data has been read from a file, it can be
changed using the normal input procedures. The main screen for the program
displays the descriptive title for current data set. The input data files are saved in binary
format and may not be the same as those used by the analysis code.

The Help menu is used to accesse the help system. Context sensitive help is available at
all times by pressing the F1 key. Figure 11 shows the help menu selections available for
each of the industrial codes. The help index is available to get help on a specific topic
such as an input variable. If you require additional information about the input
variables, please consult the manuals provided with the analysis codes.

The Analysis menu is used to begin an analysis after input data has been prepared.
Figure 12 shows the analysis menu selections available for each of the industrial codes.
When the Run Analysis menu item is selected, the CFD file selection dialog is
displayed for you to specify the name of the output file(s) which will be generated by
the analysis code. An existing name may be selected from the file list, or a new name
may be input at this time. If entering a new name, you only need to enter an eight
character file name. The program supplies the appropriate extension(s). The analytical
program is then started as a separate process in its own window. The message
"Analysis in progress..." is displayed in the program's main window until the analysis
is completed. Once the analysis is running, the user interface is available for use. You
may not, however, start a another analysis while a previous one is in progress. Status
messages from the analytical code that is running may be viewed by switching to the
analytical code's window.

NASA/CR—2003-212358 6



A batch mode which allows sequential execution of up to 5 test cases has been provided.
When the Batch Mode menu item in the analysis menu is selected, the screen shown in
Figure 13 is displayed to enter the input, output, and, if applicable, pressure file names
for up to 5 cases. Only the file names and extensions need to be entered. A listbox
containing the available input and output files is displayed at the bottom of the screen
for viewing. The program will check to ensure that the input files you supplied are
exist. The names of the pressure files may be required for GCYL, GFACE, ICYL, and
IFACE. It is your responsibility to ensure that the pressure file exists or will be created
by the output from one of the test cases that will be run before the pressure file is used.

The View menu in each program is used to browse program input, program output,
and, if applicable, to plot data. Figure 14 shows the view menu selections available for
each of the industrial codes. You are restricted to browsing and plotting files in the
output file directories of the program you are using. The input view is based on current
values entered by the user and is displayed in the format used by the analysis code.

You can Exit a program by double-clicking on the system menu icon. If an analysis is in
progress when you exit, you will be given the option to abort the analysis and exit or to
cancel your request to exit.

4.2 Data Input Procedures

The Input menu is used to input data. The menu items are essentially the same for each
program. The input menu options for the GCYL code are shown in Figure 15. Selecting
a menu item brings up a screen with the relevant input fields. The displayed input
screen may hide or disable certain fields depending upon values that were entered on
other input screens. When you are done with the input, press the Accept button to save
the changes you made or the Discard button to keep the old values. The purpose of the
input screens for each of the menu items is described below using GCYL as an example.

Analysis Options are used to define the scope of the analysis to be performed, and to
define the title and units to be used for the input case. Figure 16 shows the ANALYSIS
OPTIONS screen with default values. Mutually exclusive options such as Calculate
Stiffness are shown as radiobuttons with the current choice highlighted. You can select
only one of the options in a group of radiobuttons. Other options such as Boundary
conditions allow several elements to be selected at the same time. These are shown as
checkboxes. When you click on a checkbox, a checkmark appears to show that it has
been selected. You must click on it again to deselect it. To get help on the choices
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available in an option, select the option and press the F1 key. Help screen for the
Calculate Stiffness option is shown in Figure 17. The Analysis Options always contains
an option to choose between SI and English units. The units displayed in the field labels
and the numeric values will be automatically changed to the correct units. The SI and
English units for frequently used quantities are as follows:

DESCRIPTION SI UNITS ENGLISH UNITS
Lengths m or mm in
Angular Velocity rev/min or rad/s rev/min or rad/s
Velocity m/s in/s
Forces N Ib
Gas Constant m**2/(s**2-deg K) in**2/(s**2-deg R)
Temperature deg K deg R
Density kg/m**3 Ibm/in**3
Viscosity Pas 1b-s/in**2
Pressure Pa psia or psig
Entropy J/Kg-K Btu/lbm-R
Inertia Kg.m**2 Ibm.ft**2
Moments N.m in.lb
Angles deg orrad deg or rad
Energy J ft.lb
Power w ft.lb/s
Stiffness N/m Ib/in

The Seal Geometry screen is used to specify seal dimensions as shown in Figure 18 with
default values. The values are entered in the entry fields. If a field is not needed
because of the analysis options selected, it is disabled to prevent you from entering data
in that field. To get help for an entry field, press the F1 key while the cursor is
positioned in the field. When you press the ACCEPT button to save the current values

displayed on the screen, the values are checked to ensure that they are in an acceptable
range. :

The Operating Conditions screen is used to specify operating parameters such as

speed, temperature, eccentricity, and pressures as shown in Figure 19 with default
values.

NASA/CR—2003-212358 8



The Seal Configuration screens are used to specify special features such as fluid
sources, rayleigh steps, spiral grooves, etc. These screens will, therefore, differ
significantly from code to code. Figure 20 shows the screen for specifying flow line
coordinates in GCYL. A flow line is a grid line with specified grid coordinate
boundaries (X1, Y1) and (X2, Y2). The lines are specified as an array of starting and
ending grid coordinates for the lines. Four sets of values in the array are displayed on
the screen. You can scroll through the array using the scroll bar. When the number of
lines is entered in the entry field and the cursor is moved to one of the fields in the
array, the scroll bar will adjust its range to match the number of lines specified.

The Grid Definition screen used to define the grid used in the numerical solution is
shown in Figure 21 with variable grids turned on for both axial and circumferential
grids. The defaultis to turn off variable grids. The arrays used for variable grid are
disabled if they are not required.

The Properties screen shown in Figure 22 is used to input seal fluid properties such as
viscosity and specific heat ratio.

The Solution Control screen shown in Figure 23 is used to input information such as
tolerance and number of iterations used to control the numeric solution.

The Set Defaults option is used to set values in all the screens to system defaults for the
program.

4.3 Utility Programs

PLOT4DPM is used to plot HPF files generated by GCYL, GFACE, ICYL, and IFACE.
XYPLOT is used to plot output data from the seal dynamics code. FLUID is used to
calculate fluid properties of gases and saturated vapor. The user interfaces for these

codes are unique to the codes. The procedures for using these codes are documented in
the on-line help.
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Install

Figure 1: Installation Program - Options Page
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Figure 2: Installation Program - Install Page
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Figure 3: CFD Industrial Codes Icon on the OS/2 Desktop
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File Help

CFD Seal Categories

Click On A Seal Category
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Click On A
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Click On A
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File Setup Help

Click On A Seal

Figure 8: File Selection Utility
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Figure 9: Browse Utility
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Input Analysis Yiew Help
Read Input Data...
Save Input Data...
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CFD Industrial Codes

Figure 10: File Menu in Industrial Codes
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| File Input Analysis View

Help for help...  Shift+F10
Extended help... F2

Keys help... F9

Help Index... F11

Data Set Title: Default input v

About GCYL...

| CFD Industrial Codes

Figure 11: Help menu in Industrial Codes
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Figure 13: Batch Mode Analysis Input Screen
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| Data Set Title: Default

CFD Industrial Codes

Program Input
Program OQutput
Plots...

YL program

Figure 14: View Menu in Industrial Codes
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Analysis View

Help
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Operating Conditions.

Data
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Solution Control...

les for GCYL program

Flow Lines...
Constant Pressure...
Fluid Sources...

Rayleigh Steps...

Set Defaults...
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| CFD Industrial Codes

Figure 15: Main Screen and Input Menus for GCYL

NASA/CR—2003-212358

Spot Recesses...

24



NASA/CR—2003-212358

mputv

s

Figure 16: Analysis Options Screen for GCYL
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g
Services Options Help

You can elect to have the analysis include
cross coupled, frequency dependent
stiffness calculations. The program
provides the option of determining
stiffnesses in two or four degrees of
freedom. Two degrees of freedom include
the x and y mode of the center of the
journal while four degrees of freedom
include the two orthogonal angular modes
about the mass center. The Default is not
to calulate stiffness.

Figure 17: Context Sensitive Help
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Figure 18: Seal Geometry Screen for GCYL
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Figure 19: Operating Conditions Screen for GCYL
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Figure 20: Seal Configuration Screen for GCYL
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Figure 21: Grid Definition Screen for GCYL
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Figure 22: Seal Fluid Properties Screen for GCYL
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Figure 23: Solution Control Screen for GCYL

NASA/CR—2003-212358 32



| File Plot VYiews Setup Help

GCYL ALM THICKNESS DISTRBUTION
Sample +: T-Shaped Sedoned Seal

DIAMETER = 2830 M SPEED=  .O0RFPM
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Figure 24: PLOT4DPM - Film Thickness Plot
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 File Plot Views Setup Help

GCYL PRESSURE DISTRIBUTION
Sample 4: T-Shapad Sedored Seal
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Figure 25: PLOT4DPM - Pressure Distribution Plot

NASA/CR—2003-212358 34



REPORT DOCUMENTATION PAGE Form Approved

OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
October 2005 Final Contractor Report
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Users' Manual for CFD Industrial Codes
0S/2 2.0 Version WU-506-42-31-00
WU-590-21-11-00
6. AUTHOR(S) NAS3-25644

Bharat B. Aggarwal

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
) REPORT NUMBER
Mechanical Technology, Inc.
968 Albany Shaker Road

E-13620
Latham, New York 12110

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

NASA CR—2003-212358
94TM1

National Aeronautics and Space Administration
Washington, DC 20546—-0001

11. SUPPLEMENTARY NOTES

Project Manager, Anita D. Liang, Aeropropulsion Projects Office, NASA Glenn Research Center, organization code P,
216-977-7439.

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Restriction changed to Unclassified/Unlimited on July 27, 2005, by authority of the NASA Glenn
Research Center, Structures Division.

Export Admmlstratlon Regulatlons (EAR) Notlce

Unclassified-Unlimited

Subject Category: 34

Available electronically at http://gltrs.grc.nasa.gov

This publication is available from the NASA Center for AeroSpace Information, 301-621-0390.

13. ABSTRACT (Maximum 200 words)
This manual for the OS/2 versions of the CFD Seal Analysis Industrial Codes describes the installation procedure, the
system executive, and the procedures for using the graphical user interface to run the industrial codes. Please consult the
technical manuals for the individual codes for technical details. The following components are included in the package:
Executive Shell (EXEC); Gas Lubricated Spiral Groove Cylindrical and Face Seals (SPIRALG); Incompressible Spiral
Groove Cylindrical and Face Seals (SPIRALI); Spiral Groove Face Seal Optimization Program (FACE); Gas Lubricated
Cylindrical Seals (GCYL); Gas Lubricated Face Seals (GFACE); Incompressible Cylindrical Seals (ICYL); Incompress-
ible Face Seals (IFACE); Labyrinth Seals (KTK); Seal Dynamics Analysis Code for Cylindrical and Face Seals
(SEALDY); User Interface for Scientific Code (SCISEAL); Fluid Properties Calculation Program (FLUID); Plotting
Program used by GCYL, GFACE, and ICYL (PLOT4DPM); and Plotting Program used by Dynamics code (XYPLOT).

14. SUBJECT TERMS 15. NUMBER OF PAGES
Seals; Face seals; Cylindrical seals; Incompressible; Gas lubricated; Leakage; Users' 44

manual; Knowledge-based system; Codes; CFD 16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39-18
298-102











